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Abstract
We have investigated the magnetotransport properties of polycrystalline samples of Ag2CrO2,
which is a metallic two-dimensional triangular antiferromagnetic compound (TN ∼ 24 K). The
electrical resistivity of this compound displayed metallic behavior and an abrupt decrease at
TN. Below TN, almost linear positive magnetoresistance was observed. On the other hand, just
above TN, a large negative magnetoresistance of -38% at 8 T was observed. The absolute value
of the negative magnetoresistance decreases with increasing temperature. The Hall resistance
showed a nonlinear behavior as a function of the magnetic ﬁeld below TN. These results suggest
that the transport properties of Ag2CrO2 are closely related to its unusual antiferromagnetic
spin-structure.
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1 Introduction
Geometrically frustrated conducting magnets exhibit unconventional anomalous Hall eﬀects
(AHE) that could be used to realize materials required for the emerging ﬁeld of spintronics.
The well-known model materials, such as Nd2Mo2O7 and Pr2Ir2O7, have the 3-dimensional
pyrochlore structure and display AHE at low temperature that is related to long- and short-
ranged spin-ice-like order of the lanthanide moments, respectively [1, 2]. The detailed causes of
AHE are still the object of debate with mechanisms based on spin chirality and the Aharonov-
Bohm eﬀect being proposed. Ag2CrO2 is one of the suitable materials for investigating the
relationship between geometrical frustration and the AHE. Ag2CrO2 consists of triangular
lattice planes of CrO2, which are well separated by the metallic Ag2 layers [3]. This compound
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is an S = 3/2 (Cr3+ ion) frustrated triangular lattice antiferromagnet (TN ∼ 24 K) without
orbital degrees of freedom, and exhibits a structural distortion from trigonal phase (high-T ) to
monoclinic phase (low-T ) at TN.
Recently, Matsuda et al. [4] have reported that a partially disordered state with 5 sublattices
abruptly appears at TN, accompanied by a structural distortion, and found anomalous magnetic
excitations, which cannot be explained simply by linear spin-wave theory. In this study, we have
investigated the magnetotransport properties of Ag2CrO2 and discussed the coupling with the
magnetism in this compound.
2 Experimental
For this study, polycrystalline samples of Ag2CrO2 were synthesized using a high-pressure tech-
nique [3]. The magnetization for powdered samples was measured with a commercial SQUID
magnetometer (MPMS-XL7, Quantum Design, Inc.) in magnetic ﬁelds up to 7 T. The elec-
trical resistivity (ρxx), magnetoresistance (MR) and Hall resistivity (ρH) measurements were
performed by using a conventional dc four-probe technique in a 16 T superconducting magnet.
In this paper, we deﬁne the MR ratio as a change in resistivity (Δρ = ρxx(H)− ρ0) normalized
by the zero-ﬁeld resistivity ρ0. The contribution from antisymmetrical part (Hall resistance)
was carefully removed by subtracting ρxx(−H) from ρxx(H). In the Hall resistance measure-
ments, the Hall voltage VH at each measured temperature was determined from the measured
voltage V (H, I) as VH(H) = (1/4)(V (H, I)− V (H,−I) + V (−H,−I)− V (−H, I)) so that un-
wanted signals from misalignments of the contact electrodes and from thermoelectric voltages
were canceled.
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Figure 1: Magnetization curves at various temperatures on Ag2CrO2.
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3 Results and Discussion
Figure 1 show the magnetization as a function of ﬁeld curves at T =1.9, 20, 25, 30, and 50
K. Magnetization curves exhibit clear hysteresis loops with spontaneous magnetization below
TN. While, above TN, magnetization curves exhibit a paramagnetic behavior. The value of the
spontaneous magnetization at T = 1.9 K is about 0.2 μB/Cr
3+, and that of the magnetization at
7 T is suﬃciently smaller than the full saturation moment of the Cr3+(S = 3/2). These results
suggest that the present material has the ground state of an antiferromagnetic long-range order
with weak ferromagnetic moments.
Figure 2(a) shows the temperature dependence of the electrical resistivity (ρxx) of Ag2CrO2
in the magnetic ﬁelds of 0 T and 14 T. Above TN, ρxx exhibits a linear temperature dependence,
as well as the behavior of conventional metals. Near TN, ρxx rapidly decreases with decreasing
temperature, due to suppression of the paramagnetic scattering of the conducting electrons [3].
The inset of Fig. 2(a) show the temperature derivative of the ρxx in the magnetic ﬁelds of
0 T and 14 T. The onset temperature of the ρxx drop, as indicated by arrows in the inset of
Fig. 2(a), increases slightly with the magnetic ﬁeld, because the long-range ordered state is
more stable under the magnetic ﬁeld. Figure 2(b) shows the MR curves for H||I (transverse
conﬁguration) at T =1.5, 4.2, 20, 25, 30, and 50 K. Below TN, the MR curves exhibit positive
and almost linear behavior, and the MR ratio decreases with increasing temperature. Although
not shown here, a weak hysteresis behavior of MR is observed in the low magnetic ﬁeld region
below TN, due to a spin-dependent scattering by the weak ferromagnetic moments of the present
material. In contrast, at T = 25 K (just above TN), the large negative MR of -38% at 8 T is
observed. We measured the MR of the same sample in the magnetic ﬁelds of up to 14 T, and
found that the magnetoresistance was isotropic between the longitudinal and the transverse
conﬁgurations (not shown). This suggests that the large negative MR does not arise from the
orbital contribution due to the Lorentz force, but from the spin contribution (spin ﬂuctuations).
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Figure 2: (a) Temperature dependence of the electrical resistivity (ρxx) on polycrystalline
samples of Ag2CrO2 in magnetic ﬁelds of 0 T and 14 T. The inset is the temperature derivative of
the ρxx. (b) Magnetoresistance on polycrystalline samples of Ag2CrO2 at various temperatures.
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Figure 3: (a) Hall resistivity (ρH) on polycrystalline samples of Ag2CrO2 as a function of
magnetic ﬁled at various temperatures. (b) ρH vs M curves at T =20, 25, 30, and 50 K. The
straight dashed lines are guide for the eyes.
In itinerant ferromagnets, ρH consists of two contributions:
ρH = R0(μ0H) +RsM, (1)
where R0 is the ordinary Hall coeﬃcient, Rs is the anomalous Hall coeﬃcient, H is the external
magnetic ﬁeld, and M is the magnetization. The ﬁrst term of the right-hand side in Eq. (1)
represents the ordinary Hall eﬀect. The second term is in proportion to the magnetization and
represents the AHE. The origins of the AHE are commonly separated into extrinsic and intrinsic
mechanisms, though these were both ﬁrst considered to be based on spin-orbit coupling and the
spin polarization of conduction electrons. The extrinsic mechanisms are skew-scattering, where
spin-orbit coupling breaks the left-right symmetry of the Mott scattering of charge carriers
by an impurity [5], and side-jump scattering, which corresponds to a lateral displacement of
an electron perpendicular to the direction of its spin and wavevector [6]. An example of an
intrinsic mechanism is that proposed by Karplus and Luttinger [7] based on a ferromagnetic
Hamiltonian with spin-orbit coupling. The eigenstates of such a system have the form of
translationally invariant Bloch waves that interact through the interband matrix elements of
the current operator, leading to an anomalous Hall current when the two spin states are unequal,
i.e. under the condition for ferromagnetism. Recently, alternative mechanisms for the intrinsic
AHE in conventional ferromagnets has been suggested based on a Berry phase that arises as
conduction electrons move through non-trivial spin conﬁgurations [8, 9, 10, 11] and the orbital
Aharonov-Bohm eﬀect [12, 13], giving new directions for research into this extraordinary eﬀect.
Figure 3(a) shows the ρH(H) curves of Ag2CrO2 at T =1.5, 20, 25, 30, and 50 K. The
ρH(H) is positive and nonlinear with H, and the magnitude of that increases with increasing
temperature. We assume that the R0 component of the present material is very small due to the
large carrier concentration. From the data of Figs. 1 and 3(a), we can obtain the relationship
between ρH(H) and M(H) as shown in Fig. 3(b). ρH vs M curves of below TN deviate from
the linear relationships at certain magnetic ﬁelds, as indicated by arrows in Fig. 3(b). The
values of the characteristic ﬁeld are about 2 T for both 20 K and 25 K. The hysteresis of the
magnetization curves at 20 and 25 K is exactly disappear at the same value of the magnetic
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ﬁeld. Ag2CrO2 is an itinerant antiferromagnet with weak ferromagnetic moments below TN. It
is expected that the unconventional Hall eﬀect of the present material is concerned with the weak
ferromagnetic moments. In contrast, above TN, ρH is almost linear against M , i.e. ρH ∝ M .
According to the MR data, Δρ/ρ0 shows the negative MR even at T = 30, 50 K (T > TN). The
electrical resistivity result indicates a strong coupling between the magnetic CrO2 and metallic
Ag2 layers [3]. Thus, we consider that unconventional magnetotransport properties of Ag2CrO2
are caused by the spin ﬂuctuations related to the unusual antiferromagnetic spin-structure, and
that the spin ﬂuctuations are still remaining in the paramagnetic phase. Clearly more detailed
studies, such as magnetic and transport properties in high magnetic ﬁelds, Seebeck eﬀect, and
band calculations, are needed to understand the unconventional magnetotransport properties
of Ag2CrO2.
4 Summary
In summary, we have measured the magnetization, electrical resistivity, magnetoresistance, and
Hall resistivity of the metallic two-dimensional triangular antiferromagnet Ag2CrO2. From the
magnetization measurements, Ag2CrO2 has the ground state of the antiferromagnetic long-
range order with weak ferromagnetic moments. The electrical resistivity of this compound
displayed metallic behavior and an abrupt decrease at TN. Almost linear positive magnetoresis-
tance was observed below TN. At T = 25 K (just above TN), a large negative magnetoresistance
of -38% at 8 T was observed. The absolute value of the negative magnetoresistance decreases
with increasing temperature. The Hall resistance showed a nonlinear behavior as a function of
the magnetic ﬁeld even at T = 30, 50 K (paramagnetic phase). These results suggest that the
magnetotransport properties of Ag2CrO2 are closely related to its unusual antiferromagnetic
spin-structure.
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